The p clinical manage t of childre who,ae moderately wi lead (Pb) is under actv investigation. To (4) . Briefly, the Pb-MT consists of the administration of a single dose of calcium disodium edetate, 500 mg/m2 given intramuscularly followed by an 8-hr urine collection for lead determination. All the children in this report excreted less than 200 pg/8 hr of Pb and had a ratio of urine Pb to drug dose less than 0.6, i.e., administration of the drug did not induce a lead diuresis.
The dinical program consisted of intensive medical and environmental follow-up.
A total of 10 visits over 6 months was planned for each child. Initially, visits to the clinic were more frequent and occurred at enrollment and at 1 week, 4 weeks, 6 weeks, and 7 weeks later. Thereafter, visit frequency was reduced to every 4 weeks-at 12, 16, 20, and 24 weeks after enrollment. A final visit was scheduled for 25 weeks. The patient was seen at each visit by the pediatric nurse practitioners devoted to the project and by a housing specialist. Potential sources of lead were discussed with the parent as were routes of exposure, and information about nutrition and hygiene was stressed. Blood was obtained for Pb determinations at each visit; ferritin was measured on blood samples from weeks 1, 7, and 24.
Three home visits were carried out by an X-ray fluorescence (XRF) specialist and a nurse practitioner: at enrollment, at 6 weeks, and at 24-25 weeks. At the home visit, each painted surface was assessed visually for its condition and scored on a 0-3 scale. A score of 0 was given to an intact surface; a score of 3 was given to a peeling surface. If the surface had bubbling or cracks, then a score of 1 or 2 was given, respectively. The lead content of the surface was measured in triplicate by XRF using an XK-3 instrument (Princeton Gamma Tech). Each surface of each room was tested at one location per surface; three replicate measurements were made at each site. No substrate correction was made since that was the standard at the time the study was initiated. Surfaces tested included all walls, windows, doors, and baseboards. Calibration procedures followed the manufacturer's recommendations and were performed hourly in triplicate using the standard block materials supplied by the manufacturer. The instrument was reset after each reading. Readings with this instrument are reported on a scale of 0-10 mg/cm2. The mean of the three XK-3 readings for each surface was then multiplied by the visual rating. For example, an intact wall with an XK-3 reading of 10 had a score of 0 (10 x 0 = 0). At the other extreme, a peeling surface with an XK-3 reading of 10 The HES scores are given in Table 1 . The median score at the time of enrollment, 37, was used as a reference point to categorize the population into high-and low-level lead exposure. By the second home visit at 6-7 weeks, the mean and median scores had declined appreciably. There were no differences between the two groups on season of enrollment, age, or sex. Ten percent of the homes had an HES of 0 at enrollment, 25% at 6 weeks, and 20% at 6 months.
The mean BPb level was greater in the children with high HES scores at enrollment as compared to children with low HES scores (Fig. 1) . BPb declined over time in a parallel manner in the two groups as reflected by a correlation between mean BPb levels over time of 0.98. When plotted as percent dedine over time, the two curves were superimposed. In these children, the rate of decline was thus independent of initial HES levels.
A significant association between BPb and HES was noted at enrollment only ( (12. 5% of the entire sample in each group). As before, the children with high HES scores had higher initial BPb levels that declined over the six months, despite ongoing exposure, at a rate comparable to the low HES group (Fig. 2) .
To test the hypothesis that change in Fe status as measured by ferritin levels could affect the rate of decline in BPb, we compared three subgroups: children who were Fe deficient throughout the 6 months, children with sufficient Fe throughout the 6 months, and children who were initially Fe deficient but were Fe sufficient by the end of the 6 months. BPb levels appeared to decline in parallel in the three groups ( Fig.  3) with correlations of >0.9 between the mean BPb levels over time.
The frequency distribution for the two HES groups by BPb at the initial and final time points is given in Table 3 . By 6 months, the BPb levels had declined to less than 1 modification programs, metabolic manipulation by diet, and chelation. Of these, chelation and behavior modification were not offered to these children. In the absence of active interventions such as chelation or behavior modification therapy, others have reported that BPb levels may fall over time in moderately Pb-poisoned children. Over 6 months of observation, the reported decline has ranged from 7% to 18% (7, 8 ). The decrease in BPb level in our group of 79 children in which there was intervention was somewhat larger at 27%. Initially BPb levels in this group were related to HES. In an extensive investigation of environmental Pb exposure in and around the homes of Cincinnati els. The lead paint hazard was a measure that combined XRF wall measurements with an evaluation of the status of the surface. This measure appears comparable qualitatively to our HES. Similarly, we found a significant correlation of comparable magnitude between HES and BPb at the time of enrollment. In our study, change in our environmental exposure measure, the HES, was not correlated to the change in BPb levels. In general, both BPb and HES declined over the 6 months. However, once children were enrolled in the study, average BPb levels declined even in the children with continuing, though decreased, lead exposure. At the extreme, the rate of fall in BPb levels of the subgroup of children with HES persistently greater than the initial median of 37 was the same as that of the children with minimal exposure through- Time (weeks) Figure 2 . Average blood lead (BPb) levels over 6 months in two groups of children: those whose home environmental score (HES) was either persistently above or below the initial median value of 37 at all three home assessments. R between group at all time points = 0.89. Time (weeks) Figure 3 . Average blood lead (BPb) levels over 6 months in children grouped by iron (ferritin) status as either iron deficient throughout the study period, iron sufficient throughout the study period, or initially iron deficient but iron sufficient by the end of the study period.
Volume 104, Number 9, September 1996 * Environmental Health Perspectives out the study period. Few of the homes of our children reached an HES of 0. Nevertheless, the continuing presence of some lead paint exposure in the children's homes did not preclude a decline in their BPb levels.
Other studies have examined the relationship between abatement and change in BPb levels but have not reported quantified measures of ongoing lead paint hazards (2, 10, 11) . In these studies, abatement procedures differed and BPb levels either fell, remained the same, or transiently increased before falling (2, 10, 11) . A more proximate measure of lead exposure, dust lead content, has been evaluated as a predictor of lead in blood and teeth (2, 12, 13) . Testing different abatement protocols, Farfel and Chisolm (12) found little difference in dust Pb or BPb improvement over 6 months. Others have also failed to document a linear correlation between changes in leaded dust in the home environment and changes in BPb, although both declined over time (2) . We did not measure the Pb content of the dust in the homes of our subjects; however, given the ongoing presence of lead paint hazards in the majority of homes even after 6 would show a greater effect in a less Pbpoisoned population.
Several other factors need to be considered. There is the seasonal variation in BPb levels reported by some (2, 7, 8, 16) but not by others (17) . In general, BPb levels are higher in the late summer and fall (8) . Enrollment in our study occurred throughout the year and no effect of season could be discerned.
A second factor is age of the children. Pb levels tend to peak around 2 years of age (6, 16, 18) . This age group has a greater prevalence of Fe deficiency and hand-tomouth behavior, both predisposing factors, than older children. The average age at enrollment of our population was 31.5 months; thus, a decline based on the aging of our group was to be expected. However, the magnitude of the decline between 2 and 3 years of age reported in several longitudinal studies is considerably less (7%) than in ours (27%) (16, 18) .
Our study has limitations. No attempt was made to quantify the amount of time the child spent in the primary residence, and potential secondary sources of Pb exposure (e.g., at relatives' homes) were not determined. We also did not and could not assess the duration of exposure prior to enrollment. Though we documented one measure of exposure, the HES, we did not measure the Pb content of the dust in the rooms or on the hands of the child.
In the absence of chelation and in the presence of ongoing Pb exposure, average BPb levels still fell. Other aspects of our intervention may have contributed to this event, such as the educational and nutritional information provided at the frequent clinic visits. Each clinic visit included information about the sources and pathways of lead exposure and accumulation. Perhaps this resulted in improved household cleaning. Alternatively, the information provided to parents about the ingestion of leaded dust may have led them to wash the children's hands more often or to curb the children's hand-to-mouth behavior. As a speculation, different amounts of mouthing behavior may account, in part, for the observation that siblings with equal environmental lead exposure may have significantly different lead levels. These hypotheses remain to be tested. Staess et al. (11) made an indirect estimate of the effect of factors other than abatement and chelation that contribute to a change in BPb concentrations over 10-14 months. BPb levels declined 12% (35.1-30.9 pg/dl) in a group of unchelated children whose homes were not abated (11) .
BPb in moderately Pb-poisoned children reflects the aggregate of environmental exposure (usually leaded paint or its dust), child behavior (pica, mouthing of toys and fingers), absorption (affected by iron and calcium status), distribution to and from other tissues (bone and soft tissues), and excretion (mainly in urine). In this study we focused on two of these components, environmental exposure and iron status, and found that neither component fully accounts for the observed decline in BPb levels in our unchelated children. The specific aspects of our comprehensive program that contribute to this decline have not been identified. What has been identified is a group of moderately Pb-poisoned children whose BPb levels decreased, even in the presence of lead in their homes, Fe deficiency, and no chelation. We suggest that future studies attempting to define factors most likely to affect BPb levels in children include 1) more proximal measures of environmental exposure such as hand dust Pb; 2) measures of body stores of lead in the child's skeleton, the major reservoir of lead in humans; and 3) quantitative measures of child behavior (such as hand-tomouth activity and pica) and parental behavior (such as attention to the child's activities, diet, environment, and frequency of hand washing).
